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Role of Phospholipids in Cell Membrane 
Structure and Function
A.
Phospholipids are a major component of cell membranes. 
Without phospholipids, it is impossible to maintain the mem-
When the lipoprotein subunits of the mito­
chondria membrane are delipidated, the base pieces which 
line up to form a continuous membrane, break up and thus be-
However, upon reinserting the lipid the 
base pieces realign themselves once; again to form a mem-
a)
Phospholipids may participate in ion translocation (2), 
Evidence that phosphatidylethanolamine (PE) plays a part in 
sodium ion transport was demonstrated by Hoffman et al 
A membrane model was constructed in which two aqueous com­







When PE was added to the membrane phase, it 
at the A/C interface and released it-r
at the C/B interface for exchange with H . 
did not occur when phosphatidylcholine (PC) was placed in
Therefore, it was concluded by Hoffman and
This transaction
compartment C,
his colleagues that PE acts as a carrier of sodium ion be­
tween two aqueous phases. Other phospholipids may function 
in sodium ion transport, but in different capacities. For
1
2
example, other phospholipids may be involved in the energiz­
ing of ATPase, an enzyme necessary for active transport. (1). 
Besides active transport of ions, it appears that membrane 
phospholipids are involved in membrane permeability, regu­
lation of enzyme activity, phagocytosis, transportation of 
secretory proteins, and binding of monovalent and divalent 
cations. (1,4)
Biosynthesis of PC and PEB.
The synthesis of PC and PE using sn-glycerol-3-phos- 
phate has been summarized by Kenned}7 (5) in figure 1, The 
enzyme choline phosphotransferase catalyzes the reaction 
between the diglyceride and cytidine-diphosphate-choline to 
yield phosphatidylcholine. Likewise, the enzyme ethanol- 
amine phosphotransferase catalyzes a similar reaction for 
the synthesis of PE.
An alternate pathway for the biosynthesis of PC (fig­
ure 2) utilizing S-adenosyl methionine and PE has been de­
monstrated. (6,7) The methyl group of S-adenosyl methion­
ine methylates the amino group of PE to form first the mono­
methyl derivative, then the dimethyl derivative and finally
PC.
Biological Properties of Cancerous CellsC.
Contact Inhibitiona.
Contact inhibition is a phenomena in which the cessation
of cell movement occurs upon mutual contact with other cell
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Fig0 2 Biosynthesis of PC by Transmethylation of PE
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striction of movement over each other's surfaces. Several
illustrations of contcict inhibition have been provided.
Lash (8) demonstrated, by excising a small piece of skin in 
amphibian larvae and marking individual cells, that the epi­
dermal cells detached themselves from the underlying lamella
and proceeded in the form of a wave to migrate in a mono-
layer toward the center of the wound, where mutual contact 
with the periphery of other epidermal cells resulted in a
The cells behaved assimultaneous arrest of cell movement.
individual locomotory units, although they did move en masse, 
Abercrombie and Heaysman (9) observed that chick embryo fi­
broblasts behave in the same fashion. Two explants were
placed about one millimeter apart. Under a microscope, they 
observed that fibroblasts migrated in the direction of the 
interface and ceased movement upon mutual contact. The ar­
rangement of the cells constituting the closure was in a 
monolayer; for some reason then, the fibroblasts avoided 
moving over each other's surfaces. Once a sheet of cells 
joined the two tissues, cellular growth proceeded laterally 
and thus completing the healing process. In another quan­
titative study, Abercrombie et al_. (10) found contact in­
hibition present between two widely different fibroblasts— 
one from chick heart and another from neonatal mouse skel-
They also qualitatively observed that contactetal muscle.
inhibition manifests itself in a considerable number of dif­
ferent fibroblasts.
6
The cytological changes that occur during contact in­
hibition of fibroblasts were observed by Abercrombie and 
Ambrose (11). Movement is propelled by a ruffled membrane 
that undergoes continual small scale changes resembling un­
dulations. Once the cell touches any part of the periphery 
of another cell, it usually forms a close adhesion. The 
ruffling then stops; the membrane ceases to expand if it 
was doing so; and the cell becomes stationary.
Various hypotheses for the cause of contact inhibition 
between cells have been proposed, (12,13) A few of the more 
generally accepted explanations are: 1) The strength of ad­
hesion at the membrane prohibits locomotion; 2) A chemical 
reaction might occur upon mutual contact of cells that al­
ters surface properties; 3) A cell does not cross over an­
other cell because it is*unable to adhere to the entire sur­
face of its substrate.
There is an absence of contact inhibition in cancerous
cells. (13,14,15) The response of a cancerous cell to an­
other cell, normal or malignant, is unpredictable. Closely 
packed sarcoma cells move freely over each other's surfaces 
without any apparent mutual interference. Upon mutual con­
tact with other sarcoma cells, they may clump together or 
they may not. They may pass unimpeded over the surface of 
a normal fibroblast, never vice versa; or they may make an 
adhesion of very short duration. If they make contact with
a normal fibroblast, there is a tendency for the malignant
7
cell to become distorted, mainly because their style of
movement is different from normal fibroblasts. There is a
continuous and intense activity over their entire surface.
No ruffled membrane is operating, but a transitory pseudo­
podium propels the cell.
Since contact inhibition is primarily a property of the
cell surface, it seems feasible that an.alteration in the
cell membrane is accountable for the lack of contact inhibi­
tion in sarcoma cells. Exactly what that alteration may be, 
remains unknown. The most likely hypotheses depend upon a 
diminution of the adhesive properties of malignant cells, 
since a strong mutual adhesion normally follows contact and 
might prohibit cells from crossing over each other, (12) 
b. Lack of Adequate Adhesiveness 
Adhesiveness may be° defined as Hthe force which resists 
the mechanical separation of attached pairs of cells" (14). 
It is measured by the bend produced in a calibrated micro­
needle under the force required to pull apart two attached 
cells. Malignant cells mechanically separate from one an­
other more readily than normal cells. (14,15) For example, 
Coman (14) found that a force of 1,67 mg was necessary to 
separate a pair of normal epidermal cells, while the V2 
cancerous cells required only 0.20 mg. The probability of 
this great a difference occurring normally is less than one 
in a thousand. This diminution in adhesiveness most likely
accounts for the invasiveness of cancerous cells. In other
8
words, loose adhesions present very little resistance to 
mobility so there is an increased capacity for metastasis.
One of the processes in locomotion is the making and break­
ing of adhesions. (12)
The precise physio-chemical factors responsible for the 
decrease of adhesion observed in malignant cells is not known, 
but it is known that calcium is in some way involved, 
ber of studies, using the technique of flame photometry for 
determination of calcium quantity, revealed a decrease in 
cell calcium content. (16,17,18) Zeldman (19) demonstrated 
that a reduction in Ccilcium content of cells led to a de-
A num-
Epithelial cells placed in Gey's sol­
ution (containing calcium) required 1,34 mgm of force, meas­
ured on a calibrated microneedle, to separate them; whereas
creased adhesiveness.
cells immersed in a salt solution lacking calcium required
(It was presumed that calcium was with-0.96 mgm of force, 
drawn from the cell surfaces when it was withdrawn from the
medium surrounding the cells.) 
cholanthrene has been shown to decrease the calcium content
On the basis that methyl-
of cells (20,21,22), Zeidman exposed epithelial cells to 
methylcholanthrene and found a decrease in adhesiveness, 
thus concluded that this was further evidence of a direct
He
relationship between decreased calcium and lowered adhesive- 
That calcium is important in maintaining adhesivenessne s s.
in various lower forms of animal life has been substantiated
by several researchers. (23,24,25)
9
Lansing et al. (22) showed by radioactive labeling that 
sarcoma cells have a reduced ability to bind calcium at
There was an abnormally low exchange of cal­
cium ions, even though an abundance of calcium was available
On the basis of this evidence, it was
their surface.
in the tissue fluids.
postulated that the properties of invasiveness and metas­
tasis of malignant tumors were related to reduced mutual ad­
hesion resulting from calcium deficiency. (26,27,28)
Contrarily, Selkirk and his colleagues (29), using 
atomic absorption spectrophotometry, observed an increase
They suggested
that the lack of agreement with previous investigators (16, 
17,18) might be due to a lack of sensitivity of the flame
The findings
in intracellular and membrane bound calcium.
photometric procedure used by these workers, 
of Selkirk et al. (29) are in agreement With those of Hickie 
and Kalant (30), who also used atomic absorption spectro-
Both studies found that approximately twice asphotometry.
much calcium was present in malignant cells as compared to
normal cells.
++Shah and Schulman (31,32) have studied membrane Ca
When lecithinbinding with the use of artificial membranes, 
membranes were used they noted that the strength of calcium
ion binding varied inversely with fatty acid unsaturation. 
This was explained as being due to increased steric hind­
rance by unsaturated fatty acids which would cause a change
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Fig. 3 Schematic Representation of Interaction of Calcium Ion with Lecithins of 
Different Degrees of Unsaturation. (The dotted line represents weak and 
the continuous line, strong Ca"H" interaction.) (31)
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c. Increased Stickiness
Stickiness may be defined as the "tendency of cells to 
cling to a foreign substrate", (14) This characteristic is 
measured by calculating the percentage of cells that will 
adhere to a glass surface after being dipped in a salt sol­
ution three times. Coman (14) found a statistically signi­
ficant difference of 46,5 per cent between the stickiness
of cancerous cells versus that of normal cells. A percent­
age of 63,1 V2 cancer cells clung to the glass surface after 
being dipped, whereas only 16,6 per cent of the normal epi­
dermal cells adhered to the glass.
Stickiness is a property independent of adhesiveness 
and probably unassociated with calcium binding. Instead, 
stickiness is derived from polysaccharides, mucins or lipids 
that produce a thin tenacious covering for the cell, (14) 
Berwick and Coman (33) subjected epithelial cells to che­
lating agent, acid and alkaline phosphatase and to neuramini­
dase, They observed that the removal of calcium greatly
reduced mutual adhesion, but did not effect stickiness. The
acid and alkaline phosphatases reduced both adhesiveness and
stickiness. The reduction in adhesion was about half that
resulting from chelation. This suggests that a certain per­
centage of the calcium that maintains adhesiveness is bound 
to phosphate radicals at the cell surface. Presumably then,
the remainder of the calcium is bound by other linkages.
The function of phosphate radicals to stickiness has yet to
12
be elucidated. It is apparent though, that phosphate bonds 
exist in association with lipid and protein complexes. 
Neuraminidase had no effect upon adhesiveness, but did re­
duce stickiness. This finding supports the view that poly­
saccharides are at least partly responsible for stickiness. 
In conclusion, malignant cells, by some unknown mechanism, 
seem to elaborate more of a lipid, mucin or polysaccharide
substance responsible for the property of stickiness, 
d. Rapid Ameboid Motility
Cancerous cells have the ability to invade surrounding
tissues as well as produce secondary tumors in distant parts 
A term for this property is invasiveness. (27)of the body.
This characteristic is not totally peculiar to cancerous
cells, for leukocytes and macrophages invade other tissues,
and even normal cells, when detached by liquefaction, possess 
ameboid motility. (27,34) Leukocytes and macrophages are 
invasive because they exist as single cells and have highly
developed ameboid motility. Normal cells, even though they 
possess ameboid movement once they become dislodged from 
other cells, are not invasive because they are so firmly at-
Can-tached to one another that they are unable to escape.
cerous cells, on the other hand, readily separate from each
other by reason of their reduced adhesiveness. Once free,
multiple pseudopods induce locomotion.
Enterline and Coman (34) photographed neoplastic and
normal epithelial cells with a moving camera and from this
13
calculated their rates of speed. In general, neoplastic 
cells tended to move more rapidly than normal cells. Mac­
rophages and leukocytes displayed at least ten times moire 
speed than the other cells observed. Rabbit carcinoma ex­
hibited an interesting phenomenon. Not only individual 
cells, but clusters of from three to five cells moving en
masse, progressed via ameboid motility.
Fatty Acid Composition of Phospholipids from 
Cancerous Cells
D.
Since various phosphatides are related to the structural
components of cells and to cell metabolism, it would seem
worthwhile to analyze the fatty acid content of PC and PE
in normal versus malignant cells. With this purpose in 
mind, several investigators have determined the percentage 
composition of phospholipid fatty acids, Carruthers (35) 
observed that the lecithins of squamous cell carcinomas 
contained much more palmitic (16j0), stearic (18:0), and 
about half as much oleic (18:1) and linoleic (18:2) as did 
normal mouse epidermis. As the epidermis became more malig­
nant the lecithins became more saturated. The cephalins of 
mouse squamous carcinoma cells contained more iso 18:0,
18:0, 20:4, but less 18:1, 18:2 and 20:1 than normal epi­
dermis.
Figard and Greenberg (36) did not find any appreciable 
difference between the fatty acid composition of the cepha­
lins and lecithins of normal mouse liver and hepatoma 134,
14
However, there did appear a tendency toward the loss of the 
longer-chain unsaturated fatty acids with a corresponding 
increase in the saturated fatty acids.
Contrary to these findings, Selkirk and his colleagues 
(29) found the ratio of 18:0 over 18:1 less than one in the 
tumor cell membrane, while in the normal cells it was great­
er than one. Veerkamp et al. (37) found that the total 
phosphatides of rat liver contained 28% 18:0 and 14% 18:1j 
whereas in the hepatomas these values were 14 and 24%, re­
spectively, Bergelson et al. (38) compared the phospho­
lipid fatty acids of liver and hepatoma homogenates, and 
normal versus hepatoma mitochondrial, microsomal and nu­
clear membranes. They observed a decrease in stearic acid 
of approximately 33—50 per cent for homogenate and micro­
somal and nuclear membrane. Mitochondrial membrane proved
to be an exception by showing an increase of stearic acid. 
The quantity of oleic acid showed no appreciable change,
except in microsomal membrane where the quantity doubled.
Linoleic acid increased for all fractions, except mito­
chondrial membrane, for which it decreased. In general, 
Bergelson et aT. (38) noted in hepatoma a tendency for de­
creased saturation and increased unsaturation. Lyman and 
others (39) observed the effect of dietary ethionine on the 
fatty acid composition of rat liver phospholipids. There
was a decrease in the percentage of 18:0 and an increase in 
the proportions of 18:1 and 18:2, The changes in phospha-
15
tidylcholine were more pronounced than in the other phospho­
lipids. Correspondingly, Morin (40) discovered that in car­
cinoma induced by 4-dimethylaminoazobenzene, there was a de­
crease in 18:0 and an increase in 18:1 levels of microsomal
The alterations occurred most appreciably in themembranes,
PC fraction and to a lesser extent in the other phospho­
lipids .
Proportions of PC to PEE.
Lyman et al. (39) and Morin (40) did not observe any 
marked changes in the proportions of PC and PE in rat hepa­
tomas induced by ethionine and 4-dimethylaminoazobenzene 
containing diets, respectively. Contrarily, Haven (41),
UT-iTl-i'imo ri +- ol { f\'~) \ f <--\ Vi r'i c: -n nriH r*nr*VMTt"V'>c*'v~c
t | -JL_ J— X. J— 111 kV ^ % S t AX i. ' V_y i- X VA.1 XV-x v-x *. x ^ v-x v- x w w
(35), and Figard and Greenberg (36) observed a decrease in 
the quantity of PC with an increase in PE in various car­
cinomas. The explanation proposed for this alteration was 
a deficiency in the enzymes essential for the transmethyl­
ation of PE to PC. (36)
Incorporation Rate of PC and PE PrecursorsF.
PC has been shown to be labeled more rapidly than PE 
in both normal and cancerous tissues, (44,45,46) 
ample, Donisch and Ross iter (44) incubated Ehrlich ascites 
cells in choline-1,2-^C or ethanolamine-1,2-^ C.
For ex-
For the
same concentration and specific radioactivity of precursor,
16
14the incorporation of choline-1,2- 
phospholipids was greater than for ethanolamine-1,2- 
its respective phospholipids.
C into choline containing
14C into
MATERIALS AND METHODS
Insects.--Larvae of the species Plodia interpunctella
were chosen as a research organism on the basis of their 
rapid and prolific rate of reproduction (53). 
grown in widemouthed, gallon jars with perforated lids lined 
with porous filter paper at a temperature of 80°C 
gested by Strong et al. (53)0 
80 parts Gerber’s mixed cereal, 20 parts torula yeast (Tor-
Loma Linda, Calif0) and 60 milliliters of
They were
as sug-• »
The basal diet consisted of
umel Emenel Co e »
glycerol per 100 parts of food mixture. Eight diets were 
made up: one constituted for the control group and made up 
solely from basal diet, and seven experimental diets con­
taining the basal diet plus one of the following carcinogens 
or potential carcinogens in the proportion of 50 mg per 100 
gms of food, except for p-dimethylaminoazobenzene where 60 
milligrams were added per 100 grams of food mixture. The 
seven carcinogens or potential carcinogens used in this in­
vestigation are listed below:
3,4-Benzo-cR. -Pyrene 
3,3’-Diaminobenzidene*
p-Dimethylaminoazobenzene (DAB or Butteryellow) 
Ethionine
20-Methyl Cholanthrene 
j3- N aph t hy 1 am ine
(Suggested as a possible carcinogen because of chemical 
structure only0)
Extraction of Total Lipid.--Total lipid was extracted
17
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from the larvae with chloroform-methanol (2:1, v/v) while 
being macerated in a Potter-Elvehjem homogenizer. The chlo­
roform-methanol extracts were filtered into round bottom
flasks and evaporated to dryness in vacuum by a rotary evap­
orator. The samples were then redissolved in hexane, trans­
ferred to teflon lined screw cap vials and stored in a freez­
er for subsequent phospholipid separations0
Separation of Lipid Fractions.--The separation of total 
lipid into neutral and phospholipid classes was carried out 
using a modification of the technique devised by Selkirk 
et al, (29)o Two grams of silicic acid were added to the 
quantity of total lipid extracted from 10 larvae (approxi­
mately 40-50 mg lipid) in a 10 ml test tube with a teflon
1 T O V^/3 T.T /■'» O r-v
J- J~ X xv_- v_l X- I V VX 1. / #
ume of the test tube and the contents were vigorously agi­
tated on a laboratory shaker (Eberbach) for ten minutes; af­
ter which the hexane layer was pipetted off. Neutral lipids 
were eluted from the silicic acid by chloroform. Approxi­
mately 4 ml were added to each test tube and they were then 
vigorously shaken for ten minutes on a laboratory shaker, 
centrifuged, and the chloroform extract pipetted off and
x/-o t.too r\ r] id r\ 1- 13 V\ /-M I +- /-wxrrx Vx o 1 -F xrrxl —.
X X J V X X * ¥ CA vv CX. VX V_JL v_>" VX o ' V-/ X- VX X X X Ju. -i- V XX V -X-
discarded. This process was repeated three times for each
sample. Next, the phospholipids were separated from the
silicic acid by eluting three times with 4 ml of methanol. 
Each time the tubes were vigorously shaken for 10 minutes
and the methanol was decanted from the silicic acid by 
pipette into 50 ml round bottom flasks. The methanol was
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then evaporated in vacuum by a rotary evaporator, afterwhich
the remaining phospholipids were redissolved in hexane- 
methanol (40:60, v/v) and transferred to 5 ml teflon lined
screw cap vials.
Isolation of Individual Phospholipids.--In preparation 
for thin-layer chromatographic plating, the phospholipids 
dissolved in hexane-methanol solvent were evaporated down to 
a few drops in a thermo-bath evaporator at a temperature of 
450C. under Ng.
a capillary tube on a silica gel thin-layer plate (Camag Inc.) 
that had been activated at l20°Co for 30 minutes prior to
A standard containing sphingomyelin, lyso-phosphatidyl- 
choline, phosphatidylcholine and phosphatidylethanolamine
Each phospholipid sample was streaked with
use e
was spotted adjacent to the sample. The plates were develop­
ed with the following solvent system:
chloroform/acetone/methanol/acetic acid/water 
(75:30:15:15:7.5, v/v)
After drying in a dessicator under a vacuum, the individual 
phospholipids were visualized by spraying with 2,7-dichloro- 
fluorescein (47). PC and PE from each sample were scraped 
off the plate onto powder papers (Glassine) with a metal 
spatula (48), transferred to 10 ml teflon lined screw cap 
test tubes, and the phospholipids were immediately eluted
from the scrapings with the following solvent: 
methanol/chloroform/water/acetic acid (100:30:20:2, v/v)
The method for the elution of PC and PE is as follows:
the test tubes containing the suspended scrapings were agi-
20
tated in a vortex mixer; they were then heated in a water 
bath at 40°C. for 30 minutes, centrifuged, and the solvent 
pipetted off. The scrapings were once again washed with the 
solvent, agitated in a vortex mixer, centrifuged, and the 
solvent pipetted off into round bottom flasks. After evap­
orating the solvent under vacuum on a rotary evaporator, the 
remaining PC or PE was redissolved in hexane-methanol (40: 
60, v/v) and transferred to 10 ml teflon lined screw cap
vials for storage in a freezer to be used either in subse­
quent fatty acid analysis or radioactive counting.
Fatty Acid Analysis.--The PC and PE, isolated from 20 
larvae per each of the eight groups, were saponified by
Methyl esters wereheating one hour in 0.5 N alcoholic KOH. 
prepared from the free fatty acids by heating 5 minutes ac 
100°C. in a boron trifluoride-methanol (14%) solution (Ap­
plied Science Laboratories), and the esters were analyzed 
by gas-liquid chromatography (Norelco Series 104 Chromato­
graph, flame ionization detector) on a 5 foot column packed 
with 10 per cent EGSS-X on 100/120 mesh Gas-Chrom.-P (Ap­
plied Science Laboratories) at a temperature of 1750C«. 
relative peak areas were calculated by multiplying the peak
Identification of each
The
height times the retention time, 
fatty acid peak was made by comparison with a fatty acid 
standard (Applied Science Laboratories F & OR Mix. No. 6).
In jection of Radioactive Material and Preparation for 
Radioactive Counting and Phosphorus Oetermination,--Ten
larvae from each of the eight groups were immobilized, one
21
group at a time, on a petrl dish chilled over a pan of ice 
water. Each larva was rigidly held between the thumb and 
index finger and injected with 1 jxl or 0.1 /^ci of choline- 
bromide (263,470 CPM per injection) from a 10^1 
Hamilton syringe. Another ten larvae from each group were 
immobilized and injected with 1 jx.1 or O.ly^ci ethanolamine- 
HCL (254,275 CPM per injection). After an incorpor­
ation time of ninety minutes, each group was homogenized in 
a Potter-Elvehjem homogenizer with chloroform-methanol (2:1, 
v/v) for extraction of total lipid. The neutral lipid and
141,2-C
14UL-C
phospholipid classes were separated and the PC and PE iso-
(For detailedlated from the phospholipid fraction by TLC. 
steps involved, refer to previously outlined procedures.)
The isolated PC and PE were each dissolved in 10 ml of hex-
From this, aliquotsane and stored in a freezer in vials.
were taken for radioactive counts, phosphorus determination, 
and for verification or positive identification of PC and PE.
Radioactive Counting Procedure.--The radioactivity of 
PC and PE were assayed by dissolving 1 ml aliquots of radio­
active PC or PE in 15 ml Bray*s scintillation fluid (49), 
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to make 1 liter
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The scintillation vials were then placed in a Beckman scin­
tillation spectrometer, the radioactivity from each sample 
being counted for 15 minutes. A blank was prepared (15 ml 
Bray's fluid plus 1 ml hexane) for the background indication.
Phosphorus Determination.--Bartlett's procedure (50) 
for phosphorus determination was followed0 One milliliter 
aliquots of radioactive PC or PS were analyzed. To secure a 
safeguard from outside phosphorus contamination, all of the 
glassware employed was washed in hot chromic acid solution 
(Chromerge) and rinsed with distilled water. The quantity 
of phosphorus from each sample was determined colorimetri- 
cally on a Beckman model DU spectrophotometer at a wave­
length of 830 nm with 0.1 O.D. units per l>^g P. All of the
A standard curve was plct-samples were run in duplicates.
ted from the absorbance values for 0.8><.gf 1.6^_g, 2,4/xg, 
3.2^/^.g and 4.0>cg of phosphorus, 
the y<g quantities of phosphorus present in each sample was 
calculated by dividing the micrograms of phosphorus into the 
radioactive counts per minute.
Verification of PC and PE.--The isolated radioactive PC
From the standard curve,
and PE were co-chromatographed with standard PC and PE on 
silica gel plates with a different solvent system than used 
in the original isolation (chloroform, methanol, acetic acid, 
water; 65:25:8:4, v/v). The plates were treated as described 
before. Detection of PC or PE was made by spraying with 1,2- 
dichlorofluorescein. The spot was scraped, as well as the
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origin and the path traveled by the particular phospholipid. 
The radioactivity was eluted from the scrapings as previous­
ly described and finally dissolved in 1 ml hexane and trans­
ferred to individual scintillation vials containing 15 ml 
Bray's scintillation fluid0 The radioactivity in each sam­
ple was counted for fifteen minutes on a Beckman scintilla­
tion spectrometer.
All areas traversed and contacted by the PC or PE of 
the sample were radioassayed so that adequate separation of 
the particular phospholipid could be ascertained. Snyder 
(51) found through a number of experiments that quantitative 
determinations of radioactive labeled materials could effi­
ciently be performed on thin-layer chromatograms.
Identification of Choline and Ethanolamine.--For add­
itional positive confirmation of PC and PE identity, hydrol­
ysis was performed to ascertain that choline was actually 
present in PC and ethanolamine present in PE. The same 
technique for acid hydrolysis employed by Goldfine and Hagen 
(52) was used. The PC and PE from 30 larvae fed a control 
diet composed the samples. The procedures followed to ob­
tain purified PC and PE have previously been outlined. The 
extract from the silica gel scrapings, which had been evap­
orated to dryness, was hydrolyzed in 1 N HCL by heating at 
100°C, for 8 hours. Following hydrolysis, the hydrolyzate
was evaporated down to dryness on a thermo-bath evaporator 
at 85°C under air. The residue was then dissolved in a• »
few drops of methanol in preparation for separation of cho-
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line and ethanolamine by thin-layer chromatography, (53)
The Brinkman plates were prewashed with methanol-HCL (95:5, 
v/v), air dried after the washing and then activated by 
heating for 30 minutes at 110°C 
sample was spotted on these plates and developed with meth­
anol-glacial acetic acid (95:5, v/v),
olamine standard was spotted adjacent to the respective
Dragendorff1s spray (Bismuth 
Subnitrate, Quantum Industries) was used for detection of 
choline; ninhydrin spray was used for visualization of 
ethanolamine•
The hydrolyzed PC or PE• •
A choline or ethan-
hydrolyzed PC or PE sample.
RESULTS and DISCUSSION
Fatty Acid Compos ition of PC and PE.--The fatty acid 
composition of PC and PE for first and second generation 
Indian-meal moth larvae are presented in Tables la Sc lb and
For PC there were marked reductionsIla Sc lib, respectively, 
in the quantities of myristic (14:0), palmitic (16:0) and 
stearic (18:0), concomitant with large increases in the per­
centage of linoleic (18:2) and linolenic (18:3) in carcinogen 
The oleic acid (18:1) of PC showed a slight re­fed larvae.
duction for most of the carcinogenic groups, except the sec­
ond generation larvae on 9,10-dimethyl-1,2-benzanthracene 
and ethionine containing diets showed a slight increase.
The results for palmitoleic (16:1) are variable, but for 
most of the carcinogens, the average percentage of 16:1 re­
mained similar to that of the control or was very slightly
reduced, except for the benzo- <*--pyrene group for which
there was an increase in 16:1, In general then, PC fatty 
acids from larvae grown on carcinogen containing diets show­
ed marked reductions in the quantities of 14:0, 16:0 and 
18:0; slight decreases in 18:1; large increases in 18:2 and 
18:3; and 16:1 retained essentially the same percentage com­
position as the control.
For PE there were marked reductions in 14:0, 16:0 and
25
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Fatty Acid Composition of PC for First Generation 
Indian-Meal Moth Larvae, Expressed as % of Total.
Table la.
1470 1670 16il 13:0 18il 18;2 18:3Fatty Acids
29.723.0 30.35.9 8.8 1.11.1Control
2.842.85.0 25.2.2 15.6 8.4Benzo-^-Pyrene
2.425.5 42.07.2.3 17.5 5.13,3*-Diamino- 
benzidene










6.2 20.1 47.86.7 3.1.3 15.8
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Indian-Meal Moth Larvae, Expressed as % of Total.
r-n ^ ^ T V>i clu -Lo* xu#
14:0 16:0 16:1 1870 18:1 187^ f8:3Fatty Acids
30.3 29.71.1 23.0 1.35.9 8.8Control
2.13.7 26.7 47.3.3 13.4 6.5Benzo-^-Pyrene
2.026.0 45.6.2 5.015.1 6.13,3*-Diamino- 
benzidene









44.6 1.917.6 5„5 6.1.3
26.5 43.3.2 5.8 1.816.3 6.1
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Table IIa» Fatty Acid Composition of PE for First Generation 
Indian-Meal Moth Larvae, Expressed as % of Total.
1870 1871 18:2 18:314:0 16:0 16:1Fatty Acids
35,2 26.418.4 4.7 6,08.1Control 1.1
4.5 38.3 31.25.0 6.013.3.1Benzo- -Pyrene
.2 2.8 6 o 2 39.2 29.3 8.23,3*-Diamino- 
benzidene
14.1




.2 8.238.5 29.414.6 4.74.4
35.2 30.8 10.8.4 14.0 3.9 5.0Ethionine
20-Methyl
Cholanthrene
/S'- N ap h t hy 1 am i ne
2.8 3.2 40.4 29.214.5 9.8.1
.2 15.0 36.2 30.53.7 6.0 8.3
Table IIb. Fatty Acid Composition of PE for Second Generation 
Indian-Meal Moth Larvcie, Expressed as % of Total.
14:0 16:0 16:1 18:0 18:1 18:2 I8:3Fatty Acids
8.1 35.2 26.418.4 4.7 6.0Control 1.1
.2 5,1 40.7 29.7Benzo- -Pyrene 11.7 4.3 8.3
3,3*-Diamino- 
benzidene
9.0 43.6 23.3 2.4.3 17.0 4.5





.2 13.4 3.4 4.3 39.5 39.4 10.0
2.6 6.5 39.4 29.0.4 14.8 7.2Ethionine
20-Methyl
Cholanthrene
.2 12,6 3 o 6 5.1 38.5 31.1 8.6
yS -Naphthylamine 3.2 5.3 40.0 32.6 7.7.1 11.1
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18:0; and appreciable increases in the quantities of 18:2 
and 18:3 for all the groups receiving the carcinogen con­
taining diets, except the second generation of 3,3'-diamino- 
benzidene fed larvae which showed a decrease in 18:2 and
The oleic acid was slightly increased for all experi-18:3.
Palmitoleic acid was decreased for all car-mental groups.
cinogenic groups, except first gener^ition benzo-pyrene
for which there was a small increase. On the whole, PE fat­
ty acids from larvae on carcinogenic diets showed reductions 
in 14:0, 16:0, 16:1 and 18:0; increases in 18:2 and 18:3;
slight increases in 18:1,
Table III shows for two generations the ratio of 18:0/ 
For the most part, there is a tendency for a 
diminution in the ratio of 18:0 to 18:1 in PC isolated from
18:1 for PC.
The ratio of 18:0/larvae on carcinogen containing diets.
18:1 for PE (Table IV) is in all cases decreased in larvae
receiving the dietary carcinogens. These findings, in gen­
eral, compare with those of Selkirk et al. (29) in that they 
found the ratio of 18:0/18:1 to be less in tumor cell mem­
branes than in the normal.
Tables V and VI give the ratio for the sum of all the 
saturated fatty acids over the sum of all the unsaturated
In all cases therefatty acids for PC and PE, respectively.
is an increase in unsaturated fatty acids by at least one- 
fourth, the exception being the second generation of PS fat­
ty acids from larvae given 3,3‘-diaminobenzidene, for which
29
Table III.--Ratio of I8s0/18sl in PC
Gen. IIGen. IGroup
.29Control
.13.19Benzo- c* -Pyrene 
3,3*-Diaminobenzidene
^ l-'* ^ rv* O X t ”|

























for PCTable V .--Ratio Sum of All Saturated Fatty Acids











for PETable VI .--Ratio Sum of All Saturated Fatty Acids











there was an increase of only one-thirteenth.
In general, mammalian cancer development is associated 
with an increased unsaturation in the fatty acids of the
phospholipids (37,38,39,40), While there was no apparent 
change in growth and no gross evidence of cancer development 
in the Indian-meal moth larvae on the carcinogenic diets, 
yet the metabolic changes observed in mammalian cancer that 
lead to fatty acid composition changes in phospholipid may
also be present in Indian-meal moth larvae as a response to 
In addition, this general response to carcino-carcinogens.
gens may suggest a common lipid metabolic disorder in chemi­
cal carcinogenesis. It is possible that this similar re­
sponse may qualify this organism to be used for screening
There is a need fonpotential environmental carcinogens *
further investigation to ascertain relationships between 
phospholipid composition and membrane properties, 
also be worthwhile to conduct microscopic studies for evid-
It would
ence of cancer development.
Radioactivity Incorporation,--The incorporation of cho- 
bromide into phosphatidylcholine (Table VII)
HCL into phosphatidylethanolamine 
(Table VIII) revealed a decrease in PC and an increase in 
PE specific activity by at least one-third for all of the 
experimental groups. The changes in incorporation of label­
ed choline and ethanolamine into PC and PE, respectively,
14line-1,2-C
14and ethanolamine-UL-C
indicate changes in PC and PE metabolism due to the presence
Pos sibly, these changes are differentof the carcinogens.
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14Incorporation of Choline-1,2-C 
by Indian-Meal Moth Larvae.
Bromide into PCTable VII.
Sp. Act. Control



















14Incorporation of Ethanolamine-UL-C 
PE by Indian-Meal Moth Larvae.
HCL intoTable VIII.
Sp, Act, Control























from those observed in fatty acid composition alterations
since CDP-choline and CDP-ethanolamine interaction occur at
different steps from those for fatty acid addition in the 
biosynthesis of PC and PE (fig* 1)«
Verification of PC and PE.--Table IX gives the C 
tivity for the PC of two carcinogenic groups and the PE of 
another two carcinogenic groups at three locations on the 
thin-layer plates: the origin, path traveled by the par­
ticular phospholipid, and final designated spot. When PC 
and PE were co-chromatographed with standards, 85-90% of the 
activity was reclaimed as authentic PC or PE, thus verifying 
adequate isolation of PC and PE,
Identification of Choline and Ethanolamine.--Hydrolyzed 
PC and PE from control larvae were co-chromatographed with 
choline and ethanolamine standards, respectively. The cho­
line hydrolyzed from PC and the ethanolamine hydrolyzed from 
PE were found to be parallel to their respective standards, 
thus providing positive identification of PC and PE by con­

































An investigation of the effects of seven different car­
cinogens or potential carcinogens on the fatty acid composi­
tion and the incorporation of choline-1,2-C
HCL into PC and PE, respectively, was
14 bromide and
14e thano1amine-UL-C
conducted with the Indian-meal moth larvae.
In general, there was a tendency for all of the carcin­
ogens tested to produce a similar response in the composition
The fatty acid analysis of PC re­
vealed that the carcinogen containing diets caused marked
of PC and PE fatty acids.
reductions in the quantities of 14iC, 16*0 and 18 ;0; slight
decreases in 18:1; large increases in 18s2 and 18:3; and 16:1 
retained essentially the same percentage composition as the 
The PS fatty acids from larvae on carcinogen con­
taining diets showed, on the whole, reductions in 14:0, 16:0, 
16:1 and 18:0; increases in 18:2 and 18:3; and slight in-
These changes in PC and PE fatty acid com­
positions due to the dietary carcinogens resemble the changes 
observed in the phospholipid fatty acids of mammalian cancer.
control.
creases in 18:1,
This general response to carcinogens may suggest a common
It islipid metabolic disorder in chemical carcinogenesis, 
possible that this similar response may qualify this insect 
as a test organism for screening potential environmental
38
39
carcinogens. There is a need for further investigation to 
ascertain relationships between phospholipid composition and
membrane properties.
The incorporation of choline-1,2-C 
was decreased by approximately one-third, while the incorpor-
HCL into PE was increased by 
approximately one-third. These changes in the incorporation 
of labeled choline and ethanolamine into PC and PE, respec-
14 bromide into PC
14ation of ethanolamine-Ul-C
tively, indicate alterations in PC and PE metabolism due to 
the presence of the carcinogens. Evidently, these changes 
are different from those observed in fatty acid composition 
aberrations since fatty acid addition occurs at a different 
step from CDP-choline and CDP-ethanolamine interaction with
^ ^ J? T _ • —■ — ^ —- i, »~ ■* — 1 ^ ^  ̂— --------- -*— ^ T"> T> 1^ -u Jiue i-ii Lu0 uj-Goyuuiies Icd Ui- r o CUIU. r •
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Alterations of phosphatidylcholine (PC) and phospha- 
tidylethanolamine (PE) metabolism were investigated in the 
larvae of Plodia interouncte11a (Indian-meal moth) receiving 
diets containing seven different carcinogense The fatty 
acid composition of PC and PE as well as the radioactive in­
corporation of C^-labeled choline and ethanolamine into PC 
and PE, respectively, were done. In general, there was a 
decrease in the saturated fatty acid composition and an in­
crease in the quantity of unsaturated fatty acids for PC and
14The incorporation of choiine-i,2-C bromide into PCPE*
14was decreased and the incorporation of ethanolamine-UL-C
HCL into PE was increased, thus indicating alterations in
PC and PS metabolism due to the presence of the carcinogens*
These changes might contribute to a better understanding of
cancer membrane properties. In addition, similarities in
the observed metabolic changes caused by the seven carcino­
gens might contribute to a knowledge of the mechanism of 
chemical carcinogenesis as well as provide a tool (or method) 
for assay of environmental chemicals for carcinogenic activ­
ity.
ii
